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Experimental
Preparation of UiO-66 membranes on the patterned YSZ ceramic substrates
A controlled in-situ hydrothermal method [1] [2] was used to grow UiO-66 membranes on the patterned YSZ ceramic substrates. As shown in Figure S2 , the patterned YSZ ceramic substrate was placed, with the patterned surface downwards, in a Teflon-lined stainless steel autoclave (100 ml) filled with the synthetic solution. The typical synthetic solution was prepared by dissolving ZrCl4 (0.419 g, Sigma-Aldrich) and BDC ligands (0.299 g, Sigma-Aldrich) in N,N-dimethylformamide (70 mL, VWR), followed by mixing with 0.032 g deionized water. Then, the autoclave was kept at 120 °C for 48 h.
After cooling, the membrane was washed with DMF and dried under ambient condition.
The UiO-66 powder was also collected from the reacted solution and washed with ethanol for later characterizations.
Characterization
Morphological characterizations were carried out on LEO Gemini 1525 scanning electronic microscope (SEM, Tokyo, Japan). The samples were coated with 10-nm thick chromium before observations. Crystallography analysis was done with a Panalytical Xpert X-ray diffraction apparatus using Cu Kα radiation (λ = 0.154 nm) at 40 kV and 20 mA. FTIR-ATR spectra were recorded using an FTIR spectrophotometer (Spectrum 100, PerkinElmer) over the wavelength range of 4000-600 cm -1 . The average pore size of the patterned YSZ ceramic substrate was determined by the gas-liquid displacement method using a capillary flow porometer (POROLUX 1000, POROMETER nv, Belgium)). Optical microscope images were recorded by a digital microscope (VHX-900F, KEYENCE).
Pervaporation experiments
Dehydration of butanol by pervaporation was conducted on a home-made setup at room temperature. [1] The membrane was immersed in the feed tank filled with a butanolwater mixture with 10 wt% water. The pressure of the permeate side was maintained at cold trap. Finally, the concentrations of the sample were determined by gas chromatography.
The PV performance of a membrane is usually expressed in terms of the permeation flux J (g/m 2 h) and separation factor α. The total flux J was calculated by the weight gain in the cold trap:
where M is the total mass increase (g) over the collection time t (h), and A is the apparent membrane area (m 2 ).
The separation factor (a) was defined as follows:
Eq. (2) where x and y are mass fractions of components on the feed and permeate side, respectively. 
